Abstract
Introduction
Scientific research has provided increasing evidence confirming the importance of early positive nature experience as well as the need for contact to nature and animals, especially for humans living in urbanized environments [e.g. 1, 2, 3, 4] .
More than 20 years ago, Konrad Lorenz suggested the fundamental role of an emotional bond between an animal (the Greylag goose, Anser anser) and a child to motivate children's participation in the scientific study of the geese. The underlying goal was to "raise awareness for the fact that humans are not the only living beings with feelings and experience on our planet" [5] . In more recent years, various studies confirmed the benefits of promoting scientific thinking among children [6, 7] . Indeed, science has the potential to change everyone's approach to the world. R.B. Lotto (2010), for instance, recently showed how reliably primary school pupils can be involved in scientific research [8] .
In the present study, we used the fresh inquiring minds of primary school children to involve them in a scientific project of age-adequate dimensions. This was done in the framework of the research program Sparkling Science funded by the Austrian Federal Ministry of Science and Research, which promotes and supports scientists working side by side with young people in the kind of scientific research, which yields results publishable under peer review. This way, the Core Facility "Konrad Lorenz Forschungsstelle" for Behaviour and CognitionUniversity of Vienna (KLF) started two-year collaboration with two local primary schools. The scientific aim of the project was to investigate seasonal behavioural differences between male and female greylag geese. Such a dataset is part of the long-term monitoring of the KLF and will be published elsewhere. Another aim was to see whether young pupils could be reliable scientific observers. Here, we aim to concentrate at the latter question and to show that pupils can be actively involved in data collection in animal behaviour research. Primary school children were trained at school as well as in the field on how to correctly observe Greylag goose behaviour. Their reliability was then tested using video. A group of professional behavioural biologists familiar with goose behaviour voluntarily served as a control coders.
Materials and Methods

Animals and Study Site
The non-migratory flock of Greylag geese was introduced into the valley of the Alm River in Upper Austria by Konrad Lorenz and co-workers in 1973 [9] at the Konrad Lorenz Forschungsstelle, now Core Facility of the University of Vienna (www.klf.ac.at). Today, the flock consists of about 140 free-flying birds. These birds rival social mammals in social complexity [10] , but with easily observable behaviour. All individuals are marked with a unique combination of coloured leg rings and are habituated to the close presence of humans. They do not show avoidance behaviour or any stress response when familiar humans approach [11, 12] . Life history data and social backgrounds of all individuals have been monitored continuously since 1973 [13] . Therefore, the flock offers a unique opportunity for schoolchildren to work with free-living animals.
Partner schools
Two local primary schools were involved in the project, the first one from the village where the research station is located (Gruenau im Almtal) and the second one from a neighbouring village (Muehldorf). In total, 110 pupils from three different grades (first to third) and seven different classes participated in the project (Table 1) . 
Pupils Training
The work plan with the children included two training phases termed "recognizing the geese" and "establishing an ethogram". These phases were divided into four sometimes simultaneous steps including a theoretical part at school, a training part in the field, a control step and finally the integration in the behavioural project. The control step involved professional biologists of the KLF as a control group.
First, the pupils learned how to individually recognize the geese by using the goose-list, in which all geese are tabulated by name and coloured ring combination. Subsequently, an ethogram (i.e. series of individual behavioural entities) showed them how to discriminate between different behaviours. These goals were achieved through "learning by playing" with different riddles. The entire material was available in the schools at all times. To motivate the pupils, a "researcher-pass" was introduced, in which the children could collect stamps by solving one of the outlined tasks. The methodological details of this part of the project will be published elsewhere.
The theory, learned at school on paper, was put into practice in the field. The pupils visited the KLF once per month during school-time, and the visits were scheduled to avoid extremely unfavourable weather, like heavy rain or snow. Throughout the school year, each class visited the Greylag geese at the KLF between 7 and 8 times, starting in OctoberNovember until May-June. The same tasks taught at school awaited the pupils in the field. Based on the teachers' decision, the children worked in small teams of 2 to 3 pupils.
Pupils' test using video
After the training phase, the pupils entered the control step in which both tasks -the capability to correctly read the goose list and to recognize goose behaviour -were tested. As far as the goose list is concerned, the children were tested in small groups on site and none of them made any errors (Frigerio, personal observations). We therefore concentrated on testing the behavioural observations. Because of logistics and time constraints it was impossible to closely survey pupils' performances in the field. We therefore used video sequences for this analysis. Each class was shown the same three video sequences and asked to record the behaviour of the focal goose displayed in the clip by scan sampling it in 30-s intervals. Each sequence lasted 5 minutes. Between the second and the third video, the pupils were training again in the field. Each test was scheduled on a different day within a two-week period in February. At that time, the pupils were familiar with the behavioural protocol as well as with the sampling method. The same three videos were shown to a group of professional behavioural biologists working daily at the KLF with greylag geese as well other avian species (crows, ravens). The 30-s sampling intervals were loudly communicated by the principal investigator (DF) for both groups. Each pupil or biologist worked alone. Specifically, the pupils of the first grade used a simplified protocol, whereas the pupils of the upper grades wrote their observations in the very same protocol sheet as the biologists.
Data analysis
Video data were first analysed assuming DF's observations as "correct" for observer groups, pupils as well as biologists. The individual percentage of correct observations per video per observer group was calculated and used for further analysis.
Secondly, data were analysed looking at the individual observation per se. Out of several
Copyright © 2012, Infonomics Societybehavioural parameters included in the Greylag goose's ethogram, two were chosen for further analysis: (1) foraging behaviour, including feeding and drinking [9] and (2) vigilance behaviour, specifically "head up" [14] . The percentage of the frequency of occurrence per protocol was recorded for both considered behavioural parameters and used for further analysis.
Residuals were not normally distributed (Kolmogorov Smirnov: individual percentages of correct observations: n = 312, Z = 3.979, p ≤ 0.000; individual records of foraging behaviour: n = 312, Z = 3.979, p ≤ 0.000; individual records of vigilance behaviour: n = 312, Z = 3.979, p ≤ 0.000). Therefore, non-parametric statistical tests were applied (SPSS 11.5 statistical software; SPSS Inc., Chicago, IL, USA). Results of all tests are given two-tailed; levels of significance were corrected according to Bonferroni post hoc test whenever necessary [15] .
Results
The mean percentages of correct observations for both groups, pupils and biologists, were similar (Table 2) . Plotting all the pupils together, including the first graders, revealed no significant differences in the individual percentage of correct observations to the control group (Mann-Whitney: 1 st video U = 137.0, n pupils = 101, n biologists = 5, p ≤ 0.231; 2 nd video U = 146.5, n pupils = 97, n biologists = 6, p ≤ 0.118; 3 rd video U = 222.0, n pupils = 97, n biologists = 6, p ≤ 0.864; Fig. 1) .
When comparing within grades, we did find differences depending on the age of the children (Kruskal Wallis: 1 st video χ² = 46.7, df = 3, p ≤ 0.000, n 1st grade = 25, n 2nd grade = 57, n 3rd grade = 19, n biologists = 5; 2 nd video χ² = 23.734, df = 3, p ≤ 0.000, n 1st grade = 24, n 2nd grade = 56, n 3rd grade = 17, n biologists = 6; 3 rd video χ² = 11.17, df = 3, p ≤ 0.066, n 1st grade = 24, n 2nd grade = 56, n 3rd grade = 17, n biologists = 6; Fig. 2 ). The statistical difference is mainly caused by the youngest age class, which made fewer correct observations than the older children (Fig. 2) . Excluding them leads to non-significant differences within the pupils (Mann-Whitney When analysing behavioural observations from videos, significant differences between pupils and biologists in recording foraging behaviour were found only in the first video (Mann-Whitney: 1 st video U = 3.0, n pupils = 75, n biologists = 6, p ≤ 0.000; 2 nd video U = 227.5, n pupils = 72, n biologists = 7, p ≤ 0.536; 3 rd video U = 247.0, n pupils = 72, n biologists = 7, p ≤ 0.917; Fig. 3) . Pupils recorded higher frequencies of foraging behaviour than the biologists (Fig. 3) .
International
Copyright © 2012, Infonomics Society Another significant difference between pupils and biologists was found in the recorded vigilance behaviour from the first video clip. In this case, pupils recorded lower frequencies of such behaviour than the control group (Mann-Whitney: 1 st video U = 24.5, n pupils = 75, n biologists = 6, p ≤ 0.000; 2 nd video U = 113.5, n pupils = 72, n biologists = 7, p ≤ 0.084; 3 rd video U = 252.0, n pupils = 72, n biologists = 7, p ≤ 1.0; Fig. 4) . No significant differences between the groups were found in the second and third video. 
Discussion
Our data remarkably suggest that well-trained children can reliably observe animal behaviour. The children's percentage of correct observations is increasing from one video to the next, which may suggest a role of experience in learning how to correctly observe an animal from video (Tab. 2; Fig.  1 ). Although the differences among the three videos may reflect different difficulty grades, these played apparently no role. Among the three videos, the second one was the most difficult because the focal goose was moving around a lot and getting marginally involved in interactions with other geese. Such behaviours imply a bigger effort not to lose the animal while writing the protocol. Nonetheless, the mean percentage of correct observations over the three videos was 85%. This is an excellent performance and did not differ significantly from professional biologists highly trained in observing goose behaviour.
The first grade pupils performed differently compared to the other grades involved in the project. Such differences could be age-dependent, as these pupils tended to be the youngest ones. Pupils' age is overlapping between the previous and the next grade (Tab. 1), therefore different grades could take in pupils of the same age. However since the percentage of correct observations in the third video were similar to the other age classes, we rather suggest a role of scholarship or education. In fact, in the Austrian school system, at the beginning of the project the first graders could neither read nor write and were learning it in the same period they were training for the goose project. Accordingly, learning to write and read might have had a major priority over the training for the goose project. In fact, the school-time set apart for training for the goose project was based on teacher's decision.
Another possible explanation for the observed difference between the first and the upper grades could be the different protocol used for these children. This was simplified by using pictures of the goose behavioural parameters. Nonetheless, the results of the third video shows that first grade pupils can become as good observers as professional biologists.
A preliminary dataset, presented as a poster for the London International Conference on Education 2011 [16] did show grade-dependent differences in the records of the behavioural parameters in the first video. Such results are confirmed by the present work. Nonetheless, we consider all the pupils as a unit and suggest that one or two additional videos would improve the pupils' performances considerably.
Furthermore, choosing professional behavioural biologists as a control group and comparing their performances with those of the pupils' could be judged as "unfair" because none of the pupils actively chose to be an ethologist: this might be reflected in different motivation levels between the groups. For future projects with similar topics, we would suggest to consider biology students in their first university semester as a control group.
Despite these potential problems, the results underline the pupils' enormous potential for reliable observations in the frame of a scientific project.
In any case, involving pupils in scientific research is advantageous in many respects, both on a longand short-term scale. On a long-term scale, we educate future adults to approach natural phenomena in a scientific manner; over the short term, we gain acceptance among the public, potentially leading to increased support and funding of scientific research projects.
Finally, pupils profit from such an activity, not only by gaining insight into the scientific approach and way of thinking, but also because they gain several other learning skills. Children learned how to respectfully interact with semi-tame wild animals and, in some cases, to cope with or overcome their fear. By working in small groups, they experienced collaborating in a team, taking responsibility for a part of the task and trusting their colleagues for their inputs. Moreover, they learned how to fully concentrate on one task, namely observing a goose.
